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[57] ABSTRACT 
A test body is provided for determining an operating 
characteristic of a tomographic apparatus of the type 
that scans a human body member with an X-ray beam 
along an edge of a slice through the member, accumu 
lates data in electrical form which is representative of 
the variations in the intensity of X-ray transmission 
through the body during a plurality of scans and recon 
structs a cross sectional image of the slice from the 
accumulated data. The body comprises an energy ab 
sorption means which is arranged in a predetermined 
con?guration and is adapted for absorbing electromag 
netic energy from an impinging X-ray beam. The body 
also includes support means for positioning the energy 
absorbing means between a scanning X-ray beam and a 

‘ detector of the apparatus. 

27 Claims, 16 Drawing Figures 
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1 . 

TEST BODY FOR A SCANNING TOMOGRAPHIC 
ANALYTICAL APPARATUS 

BACKGROUND OF THE INVENTION 

This invention relates to radiographic analysis. The 
invention relates more particularly to means for testing 
the operating characteristics of a tomographic analyti 
cal apparatus.,_ , 

Tomography, as is well known, is a medical technique 
of radiographic analysis which provides an image of a 
particular plane of a body under examination. In one 
form of tomographic instrument, an X-ray source and 
an X-ray detector are positioned in alignment on oppo 
site sides of a subject under examination and simulta 
neously scan an edge of a cross sectional plane or a slice 
of ?nite thickness extending through the subject. Inten 
sity of X-ray transmission through the subject is deter 
mined by sampling an electrical output of the detector 
at a number of equally spaced positions in a single scan 
direction. Sampling occurs, for example, at about 160 
different locations in the direction of a single scan. The 
X-ray source and detector are then rotated a predeter 
mined angular distance about an axis normal to the 
plane or slice through the subject and another scanning 
of the edge in a different direction is obtained. In a form 
of this apparatus particularly adapted for examination of 
a patient’s head, a scan occurs for each 1° of angular 
rotation. Resultant data is processed by a computer to 
reconstruct an image of the planar cross section or slide 
through the patient’s head. 
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It is desirable at times to verify that the operation of ' 
a scanning tomographic instrument of the type de 
scribed conforms with its known capabilities. In addi 
tion, it is desirable to predetermine the capabilities of 
the instrument for the performance of speci?c examina 
tions. 
Accordingly, it is an object of this inventionto pro 

vide an improved means'for testing the operation of a 
scanning, tomographic instrument. 
Another object of the invention is to provide an im 

proved phantom for verifying operating characteristics 
of ‘a scanning tomographic instrument. 
Another object of the invention is to provide a phan 

tom simulating a human head and having means for 
verifying a plurality of operating characteristics of a 
scanning tomographic instrument. 

SUMMARY OF THE INVENTION 
In accordance with features of this invention, a test 

body is provided for determining an operating charac 
teristic of a tomographic apparatus of the type which 
scans a human body member with an X-ray beam along 
an edge of a slice through the member, a cross sectional 
image of which is to be reconstructed, accumulates data 
in electrical form which is representative of variations 
in the intensity of X-ray transmission through the body 
during a plurality of scans and‘ reconstructs a cross 
sectional image of the slice from the accumulated data. 
The body comprises energy absorption means arranged 
in a predetermined con?guration and adapted for ab-i’ 
sorbing electromagnetic energy from an impinging 
X-ray beam and support means for positioning the en 
ergy absorbing means between a scanning X-ray beam 
and a detector of the apparatus. The test body, when 
scanned by the apparatus, provides predetermined en-' 
ergy absorption resulting in a predetermined absorption 
pattern. Upon reconstruction‘of a cross sectional image 
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2 
of the body by the apparatus, the reconstructed image 
and predetermined energy absorption patterns are com 
pared to determine‘ or to‘ verify the operating character 
istics of the apparatus. ‘ 

In accordance with more particular features of the 
invention,‘ the test body includes one or more cross 
sectional‘ arrays each having one or more energy ab 
sorption test elements. The arrays are assembled in 
layers and each layer simulates a “slice” oricross sec 
tional con?guration of predetermined thickness. Scan 
ning of a selected layer with an X-ray beam provides 
predetermined energy absorption which enables‘deter 
mination of particular characteristics of the apparatus. 
Such characteristics include, but are not limited to, 
detection by the apparatus of small objects at various 
contrast levels; detection by the appratus of small spher 
ical “lesion-like” masses in asurrounding matrix; vdetec 
tion of small objects of varying sizes and contrasts; 
?delity of a reconstructed image with respect to over 
laps and voids between adjacent bands; resolution of the 
apparatus‘ at various constrast levels; the generation of 
data for the determination of the modulation transfer 
function from the point spread function of the appara 
tus; the capability of the apparatus to distinguish be 
tween materials of different contrasts which do not 
have sharply de?ned edges; the capability of the appara 
tus to discriminate between materials of different ab 
sorptivities; the capability of the apparatus to determine 
the centering vof rotation of the machines; the capability 
of the apparatus to produce spatially uniform scans; and 
the capability of determining the X-ray beam slice 
thickness. 

THE DRAWINGS 

These and other‘objects and features of the apparatus 
will become apparent with reference to the following 
speci?cation and to the drawings wherein: - 
FIG. 1 is a perspective view of a scanning X-ray 

apparatus with which the test body of the present inven 
tion is utilized. ' 

. FIG. 2 is a schematic. diagram illustrating the opera 
tion of the apparatus of FIG. 1; 
FIG. 3 is an end view of a support plate and test body 

constructed in ‘accordance with features of this inven 
tion; 
‘FIG. 4 is a sectional, elevational view taken along 

lines 4-4 of FIG. 3; ‘ 
FIG. 5 is a view, partly in section, illustrating the 

mounting of the test body of FIG. 4 to the apparatus of 
FIG. 1'; ’ ' 

FIG. 6 is a section view taken ‘along lines 6-6 of 
FIG. 4; 
FIG. 7 is a view taken along lines 7-7 of FIG. 6; 
FIG. 8 is a view taken along lines 8-8 of FIG. 6; 
FIG. 9 is a view taken along lines 9-9 of FIG. 4; 
FIGQID is a view taken along lines 10-10 of FIG. 9; 

‘' FIG. 11 is a view taken along lines 11-11 of FIG. 9; 
FIG. 12 is a view taken along lines 12-12 of FIG. 9; 
‘FIG. 13 is a'fragmentary view, partly broken away, 

taken along lines 13-13 of FIG. 4; 
FIG. 15 is a fragmentary view of a section of FIG. 4; 

and, ' 

FIG. 16 is a cross sectional elevational view of a 
modi?ed version of the apparatus of the invention. ‘ 

DETAILED DESCRIPTION" 
FIGS. 1 and 2 illustrate a scanning tomographic appa 

_ ratus with which the test body of the present invention 
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is utilized. Although the apparatus of FIGS. 1 and 2 is 
principally utilized for the tomographic examination of 
parts of a subject’s head such as the brain, the test body 
of the present invention is equally useful with and appli 
cable to other forms of tomographic X-ray examination 
apparatus. In FIG. 1, a subject under examination is 
supported in a prone position on an examination table 20 
and the subject’s head is positioned within a generally 
circular shaped aperture 22 of the apparatus. The gener 
ally rectangular shaped member 24 of the apparatus is 
rotatable in angular increments about the subject’s head. 
A source of X-rays is positioned in a generally cylindri 
cally shaped member 26 and a detector means is posi 
tioned in the member 24 at an opposite position with 
respect to the cylinder 26 and the aperture 22. 
Scanning the edge of a cross sectional plane or slice 

through the subject’s head is performed by scanning 
linearly in the direction of the arrows 28 at Ya ?xed ro 
tary location of the member 24. During this linear scan, 
X-rays are projected in a beam at the side of the sub 
ject’s head and a detector means is sampled at equally 
spaced intervals during the scan. The scanning assembly 
is then incremented in a rotary direction indicated by 
the arrows 30 and at each incremented location, a linear 
scan occurs. In particular, and during a linear scan, a 
collimated relatively narrow beam of X-rays is pro 
jected at the subject’s head and toward the detector 
means 27 (FIG. 2) which is transported simultaneously 
with the source 26. The detector 27 comprises, for ex 
ample, a sodium iodide crystal which scintillates or 
gives off photons of visible light when it is struck by 
X-rays photons from source 26. The amount of light 
emitted by the crystal is measured with a photomulti 
plier tube and is coupled through an analog-to-digital 
converter 34 to a memory unit of a digital computer 36. 
The relatively narrow X-ray beam provides for scan 
ning a “slice” of the patient’s head. Two adjacent slices 
may be scanned simultaneously and the detector 27 is 
shown to include two sensing devices 37 and 38 which 
are maintained in alignment with the X-ray source 26 
during scanning. The detector means 27 provides elec 
trical output signals from each of the sensing devices 37 
and 38 which are coupled via lines 39 and 40 respec 
tively to the analog-to-digital converter 34. These out 
put signals are representative of the intensity of trans 
mission of the X-ray beam through adjacent cross sec 
tional planes or slices through the subject’s head. The 
scanning digital data corresponding to the analog data 
of lines 39 and 40 is coupled via lines 42 and 44 respec 
tively to the computer 36. . 

In a typical arrangement, the apparatus provides for 
160 samplings during a linear scan and a semicircular 
scan at 1“ increments through 180°. A linear scan is 
performed at each incremented rotary location to pro 
vide a total of 28,000 samplings for each scan slice. This 
data is stored by a storage unit of the computer 26 dur 
ing sampling and upon completion of scanning, the data 
is processed by the computer to calculate about 6,400 
different absorption values within each slice. These 
absorption values are provided in a cross sectional array 
representative of the absorption of the corresponding 
cross sectional slice of the subject’s head. This cross 
sectional array is displayed as an image on a cathode ray 
tube 46 to which the image data is applied from the 
computer 36 through a digital-to-analog converter 48. 
The image can be copied by a camera 50 for permanent 
recording. Alternatively, the cross sectional array may 
be displayed as a printout of absorption values. This 
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4 
tomographic technique is well known and is described 
in further detail in Scientific American, October 1975, 
pages 56 through 68. 
As indicated hereinbefore, it is desirable at times to 

determine and to verify the operating characteristics of 
a tomographic X-ray scanning apparatus. A test body 
60 is provided in accordance with the present invention, 
which when scanned by a properly operating tomo 
graphic apparatus causes the apparatus to reconstruct a 
cross sectional image having a predetermined X-ray 
energy absorption pattern. This known pattern is com 
pared with an actual pattern generated when the test 
body is scanned by a tomographic apparatus being 
tested for determining and verifying the operating char 
acteristics of the latter apparatus. The test body com 
prises an energy absorption means of predetermined 
absorption characteristics and means for positioning the 
energy absorption means at a location between the 
X-ray source and the detector so that a projected X-ray 
beam impinges the test body. The absorption means 
comprises one or more energy absorption elements, 
described hereinafter, each having a predetermined 
energy absorption characteristic. The absorption ele 
ments are positioned in one or more arrays 62, 64, 66 
and 68 (FIG. 4) each of which represents a slice or piece 
of ?nite thickness through the test body. The arrays are 
assembled in layers which are supported in position 
between the X-ray source 26 and the detector 27 (FIG. 
2) by means comprising a housing 69 and a base plate 71. 
A shell 70 is also provided which imparts to the test 
body 60 the general shape of a human head and facili 
tates positioning of the test body in a tomographic appa 
ratus of a type having a receptacle conforming with the 
shape of a human head. Upon scanning a “slice” 
through an array of energy absorption means, the tomo 
graphic scanning apparatus described hereinbefore will 
generate an image of predetermined con?guration. The 
particular con?guration is determined by the selected 
array through which the scanning is performed. As 
indicated hereinafter, the different arrays of test ele 
ments provide testing of different characteristics of the 
apparatus. 

Referring now to FIG. 4, the housing 69 comprises an 
assembly of a plurality of cylindrically shaped wall 
members 72, 73, 74 and 76, a water chamber base plate 
78 and circular support members 80, 82, 84, 86, 88 and 
90. The wall members have ridges 92 formed therein 
which, when arranged in a stacked assembly as shown, 
provide notches for receiving and captivating the cross 
sectional support members. There is positioned between 
the different cross sectional support members a plurality 
of energy absorption test elements, such as elements 
112, 114 and 116 which are positioned between plates 88 
and 90. The shell 70 is positioned about the housing 
assembly 69 and is secured to the plate 71 by a plurality 
of screws 94 which engage nuts 96 located at different 
angular positions about a lower portion of the shell 70. 
As indicated in FIGS. 3 and 5, the plate 71 includes 
notches 98 which engage screws 100 for supporting the 
test body 60 in the apparatus between the scanning 
X-ray beam source and detectors. 

Referring now to FIGS. 4, 6, 7 and 8, the array 62 of 
test elemens is shown to include a test element compris 
ing a cylindrically shaped ring 110, test elements com 
prising ?rst and second rectangular shaped volume 
contrast sensitivity bars 112 and 114 respectively, a test 
element comprising a generally square shaped contrast 
detail body 116 and test elements comprising ?rst and 



4,055,771 
5 

second rectangular shaped slice geometry bars 118 and 
120 respectively. These bodies are formed of materials 
which absorb electromagnetic energy in the X-ray spec 
trum. Exemplary materials are polymer plastics which 
are formed by molding or casting. Particular materials 
and their desired characteristics are described in greater 
detail hereinafter. First and second pluralities of linearly 
extending spherically shaped bodies 113 and 115 are 
located within the ?rst and second bars 112 and 114 
respectively. The spherical bodies 113 and 115 extend 
linearly in a direction generally parallel to a horizontal 
plane of the layer 62 as viewed in FIG. 4. A plurality of 
spherically shaped bodies 117 is positioned in the body 
116 and are arranged in a generally rectangular shaped 
matrix. The bar shaped bodies 118 and 120 each include 
pluralities of spherically shaped bodies 119 and 121 
respectively which extend linearly and slope at an angle 
with respect to the horizontal plane of the layer 62. The 
spherically shaped bodies 113 and 115 of the volume 
contrast sensitivity bodies 112 and 114 respectively and 
the spherically shaped bodies 117 of the contrast detail 
body 116 are of progressively increasing diameter. The 
spherically shaped bodies 119 and 121 of the slice geom 
etry bars 118 and 120 respectively are of the same gen 
eral diameter and, as seen in FIG. 8, slope with respect 
to the horizontal plane of the layer 62. Positioning of 
the spherical bodies in associated test elements is ac 
complished by molding or casting the same within the 
test element body. Suitable materials from which the 
spherically shaped bodies are fabricated are described in 
detail hereinafter. On the external surface of each of 
bars 118, 120, there is cemented a tinned copper wire 
122 of 0.010 inch diameter which parallels the bodies 
119, 121. Support for the absorption test elements 
110-120 is provided by positioning these test elements 
between the support members 88 and 90 by which they 
are maintained in position through frictional contact 
with these support members. ' 
The test element array 64 illustrated in FIGS. 4, 9, 10, 

11 and 12 includes a plurality of test elements compris 
ing a plurality of rectangular, bar shaped sensitometric 
wedge bodies 130, 132, and 134, and a plurality of rect 
angular bar shaped contrast sensitivity bodies 136, 138 
and 140. The bodies 130, 132 and 134 are formed by 
juxtaposed wedges which present a continously varying 
contrast to a scanning X-ray beam. Wedge segments 142 
and 144 (FIG. 12) of body 130 provide an X-ray beam 
target of relatively high contrast. The wedge segments 
146 and 148 (FIG. 4) of the bar 132 provide an X-ray 
beam target of medium contrast and the bar 134 in 
cludes wedge shaped segments 150 and 152 (FIG. 10) 
which presents a relatively low contrast target to the 
scanning X-ray beam. The contrast sensitivity bars 136, 
138 and 140 are composite bars formed of bar segments, 
as illustrated in FIG. 11 by segments 154,156, 158, 160 
and 162. These bars test the capability of the apparatus 
to distinguish between materials of different absorptivi 
ties over different contrast ranges. The bars 130-140 
provide predetermined characteristics which, when 
scanned by the X-ray beam, will generate an image 
having a predetermined con?guration. These bars are 
secured in position between the cross sectional support 
members 84 and 88 of the housing assembly. Suitable 
materials from which these bars are fabricated are de 
scribed hereinafter. ‘ 

The test element array 66, illustrated in FIGS. 4, 13 
and 14, includes test elements comprising generally 
rectangular bar shaped resolution bodies 164, 166, 168 
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6 
and 170, a star shaped body 172, and a plurality of verti 
cally positioned wires 173. Each of the resolution bod 
ies 164-170 is formed of parallel sheets of material of 
selected thickness to produce ?ne line pairs. The sheets 
are formed of two types of material which are alter 
nated in position, as illustrated in FIG. 14, by sheets 165 
and 167, to provide a difference in contrast at the junc 
ture of their surfaces. Thickness of these sheets is also 
varied to provide a variation in the number of pairs in a 
centimeter. The bodies 164, 166, 168 and 170 present 
low, medium, intermediate high, and high contrasts 
respectively to a scanning X-ray beam. The star shaped 
test element 172 comrpises a twelve point siemens star 
having a plurality of segments 174 extending radially 
from a hub 176. This body is provided for determining 
resolution at relatively high contrast levels. The four 
metal wires 173, which are vertically oriented, have a 
relatively small diameter on the order of 0.010 inch and 
are provided for. determining the modulation transfer 
function of the apparatus at different locations in a 
“slice”. The test element array comprising the resolu 
tion bars 164, 166, _168 and 170, along with the siemens 
star 172, and the 'wires 173 are secured between the 
support cross plates 80 and 82. These members are fabri 
cated of suitable materials described hereinafter. 
A fourth array includes a test element comprising a 

?uid bath formed by'the cylindrically shaped housing 
wall member 72 (FIG. 4), the plate 78 and the support 
cross plate 80. The fluid contained in the bath is gener 
ally a liquid such as water. The members 72, 78 and 80 
are arranged in a fluid tight con?guration for inhibiting 
leakage of a ?uid which is contained therein. The ?uid 
contained in the bath is introduced and drained or can 
be continuously ?owed through the bath via control 
valve inlet ?ttings 180 and 182 (FIG. 3). An access port 
184 is provided and a wall thereof is internally threaded 
to receive a plug 186 or, alternatively, a specimen 
holder 188 shown dashed in FIG. 4 or a pin for determi 
nation of centering of rotation, or the point spread func 
tion of the apparatus. The specimen holder comprises a 
tubular body which is adapted to contain and position a 
specimen within‘the bath chamber during scanning. The 
specimen holder 188 is press ?tted in a threaded nut and 
provides a ?uid type seal between the specimen holder 
188, the plug 186 and the members of the bath. 
A pin 159 on a stem 159a (FIG. 15) is provided for 

indicating uniformity, of rotation of the apparatus or 
point spread function of the apparatus. The pin 159 is 
mounted alternatively to the specimen holder 188 and 
the plug 186. Its stem 159a is press ?tted into a threaded 
nut 161 and extends into the ?uid bath chamber. The 
nut 161 is positioned in the access port 184. 
The various test bodies described are selected to pro 

vide predetermined physical characteristics which test 
the operating characteristics of the tomographic scan 
ning apparatus. While various materials and con?gura 
tions may be selected to suit the various testing require 
ments of the apparatus, the following exemplary materi 
als provide for the desired testing of the indicated char 
acteristics of the layered absorption means. In the array 
62, the cylindrically shaped body 110 is provided to 
stimulate the effect of the skull on data obtained as well 
as capability of the machine to distinguish relatively 
small objects at various contrast levels. A preferred 
material comprises (TEFLON) polytetra?uoroethyl 
ene. Other suitable materials comprise pigment ?lled 
plastics such as polyester, polystyrene, polyurethane, 
etc. which have been adjusted to provide a CT number 
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of + 500 . As used herein, the term “CT” refers to num 
bers which are related to an X-ray linear attenuation 
coef?cient averaged over the various energies in the 
‘photon spectrum. The scale employed ranges from 
+500 for air, 0 for water, to +500 for bone. The vol 
ume contrast sensitivity bars 112 and 114 and their asso 
ciated spherical bodies 113 and 115 respectively are 
provided for testing the ability of the apparatus to dis 
tinguish relatively small spherical lesion-like masses in a 
surrounding matrix. The bar 112 comprises a polyester 
matrix in which the bodies 113 positioned therein are 
formed of TEFLON (polytetra?uoroethylene), are 
spherically shaped, and have outside diameters progres 
sively increasing in size such as l/ 16 inch, 3/32 inch, ,% 
inch and 3/16 inch. The volume contrast sensitivity bar 
114 comprises a polyester matrix in which the bodies 
115 positioned therein are formed of nylon, are spheri 
cally shaped, and have outside diameters of progres 
sively increasing size such as l/l6 inch, 3/32 inch, % 
inch and 3/16 inch. The bar 112 is a relatively high 
contrast target since the TEFLON balls exhibit a CT 
number of about +480 while the polyester matrix ex 
hibits a CT number of about +60. The bar 114 is a 
relatively low contrast target since the nylon balls ex 
hibit a CT number of about +44.7 while the polyester 
matrix exhibits a CT number of about +60. 
The contrast detail target 116 tests the capability of 

the apparatus to distinguish relatively small objects of 
varying sizes and contrasts. The target body 116 is 
formed of a castable surround polymer such as polyure 
thane having a CT number of about +14 while the 
spherical bodies 121 are formed of materials selected 
from the group including TEFLON, nylon, polypro 
pylene and air having CT numbers of +480, +48, —60 
and —500 respectively. 
The bar shaped slice geometry test elements 118 and 

120 are adapted to test the ?delity of the reconstructed 
image within a slice. In this regard, voids or information 
missing from the reconstructed image is detected. In 
addition, these elements are adapted to test for overlaps 
of the scanning X-ray beam between adjacent slices, 
which may occur in the reconstructed image. These test 
elements are formed of any castable plastic and the 
pluralities of internally contained bodies 119 and 121 are 
generally spherically shaped and are of a same diameter. 
They extend linearly at an angle with respect to the 
plane of the layer 62. These bodies are formed of a 
relatively high contrast material. Suitable materials are 
steel and sapphire. The wire or bar 122 slopes similarly. 
A target which varies continuously in CT number is 

presented to the scanning X-ray beam by the sensomet 
ric wedge test elements 130, 132 and 134. These test 
elements are utilized to determine the capability of the 
machine to distinguish materials of different contrasts 
but wherein the boundary between the materials does 
not exhibit sharply de?ned edges. The wedge segments 
142 and 144 of wedge body 130 provide relatively high 
contrast. The wedge segment 142 is formed, for exam~ 
ple, of polyurethane foam, polystyrene foam or urea 
foam, each of which has a CT number of about —300. 
The wedge segment 144 is formed, for example, of 
TEFLON, halar or kelf having a CT number of about 
+480, +460 and +700 respectively to provide a differ 
ence in CT number with respect to the wedge segment 
142 of about 780, 760 and 1,000 respectively. The 
wedge test element 132 comprises a medium contrast 
wedge and the wedge segments 146 and 148 thereof are 
formed, for example, of LEXAN and LTPE respec 
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8 
tively having CT numbers of about +52 and —51 re 
spectively to provide a contrast differential of 100. The 
wedge test element 134 provides relatively low contrast 
to the scanning X-ray beam and its wedge segments 150 
and 152 thereof are formed of LEXAN and PMMA or 
polyester having CT numbers of about +52, +63 and 
+60 respectively to provide a differential in contrast of 
approximately 11 or 10. 

Contrast sensitivity step bars 136, 138 and 140 (FIG. 
9) determine the capability of the apparatus to distin 
guish objects of known CT numbers and to determine 
its degree of accuracy. These bars also test the capabil 
ity of the machine to discriminate between materials of 
different absorptivities. The bar 140 provides relatively 
low contrast and the segments 154, 156, 158, 160 and 
162 are selected to have CT numbers of about — l0, — 5, 
0, +5 and +10 respectively. The bar 138 provides 
relatively medium contrast and its segments have CT 
numbers extending in value from about —50 to +50 
and incrementing by a difference of 10. The bar 136 
provides relatively high contrast and its segments have 
CT numbers of about —400, —200, 0, +200 and +400. 
Materials from which the bars can be fabricated and 
their CT numbers are: 

CT CT 
. Number Material Number Material 

—50 L. D. Polyethylene +10 HDPE plug Tefzel 
(LDPE) (ETFE) 

—40 LDPE Polyethylene +20 " 
plus HD polyethylene 

(HDPE) 
—30 HDPE plus Tefzel +30 " 

(ETFE) 
—20 " +40 ' 

— l0 " +50 " 

— 5 " + 200 ” 

+0 " +400 Tefzel plus Halar 
(ECTFE) 

+ 5 " 

The resolution bars 164, 166, 168 and 170 determine 
the resolution capability of the apparatus at various 
contrast levels. The low contrast bar 164 is formed by 
parallel plastic sheets of material comprising LEXAN 
having an average CT number of about 52 and nylon 
having an average CT number of about 45 to provide a 
differential of 7. The medium contrast bar 166 was 
formed of nylon and polystyrene, the latter having a CT 
number of about - 14 to provide a differential of 59. 
The intermediate high contrast bar 168 was formed of 
LEXAN and polyethylene, the latter having a CT num 
ber of about —51 to provide a differential of 103. The 
‘high contrast bar 170 was formed of ?lled polystyrene 
having a CT number of about +480 and polystyrene 
having a CT number of about — l4 to provide a differ 
ential of about 494. The Siemens star 172 is formed of a 
castable material with a CT number in the range of 
about +400 to +500. One suitable castable plastic ma 
terial is a ?lled polyester. 
The housing shell 70 is formed of any castable plastic, 

one such suitable material being urethane. The shell 70 
provides a head contour suitable for X-ray scanning 
apparatus of the water bath type. 

In FIG. 16 there is illustrated a modi?ed form of 
construction which eliminates the need for many of the 
purely structural elements. In this modi?cation, the 
shell 70a is molded with a plurality of recesses 200, 202, 
204 and an air vent 206. Each array 62a, 64a, 66a is 
potted in a disc of suitable plastic and the discs are 
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inserted into the recesses, air escaping through vent 68a. 
The array 206 comprises a cylindrical water chamber. 
The mounting bolts 94 engage nuts captured inthe 
material of shell 70a. - ' _ ' ‘ 

A test body has thus been described which‘advanta 
geously provides predetermined absorption characteris 
tics for testing the operational characteristics of an 
X-ray scanning tomographic apparatus. The test body 
comprises an energy absorption means and means for 
positioning the body in the path of the scanning X-ray ' 
beam of a tomographic apparatus. The test body is 
advantageous in that it provides in situ testing of the the 
apparatus to assure the operating capability of the appa 
ratus. 
While there has been described various embodiments 

of the invention, it will be apparent to those skilled in 
the art that variations may be made thereto without 
departing from the spirit of the invention and'scope of 
the appended claims. 
We claim: 
1. A test body for determining an operating character 

istic of a tomographic apparatus of a type which is 
adapted to scan a human body member with an X-ray 
beam along an edge of a slice through the member, 
accumulate data in electrical form during the scanning 
which is representitive of variations in the intensity of 
the transmission of X-ray energy through the member 
during a plurality of scans, and reconstruct a cross sec 
tional image of the slice from the accumulated data 
comprising: 
A. energy absorption means arranged in layered ar 

rays, each array extending generally parallel to a 
direction of projection of the X-ray beam and com 
prising one or more energy absorption test elements 
adapted for absorbing electromagnetic energy from 
an impinging X-ray beam and having a predeter 
mined energy absorption characteristic; and, 

B. means for positioning said energy absorbing means 
between a scanning X-ray beam and a transmission 
intensity dectector'of the apparatus. 

2. The test body of claim 1 wherein said means for 
positioning said energy absorption means includes a 
housing supporting said layered arrays and means for 
supporting said housing in the apparatus at a location 
between the source of X-rays and the detector. 

3. The test body of claim 2 wherein said housing 
comprises a shell having the general shape of a human 
body member for facilitating the positioning of said test 
body in a receptacle of the apparatus. 

4. The test body of claim 3 wherein said shell has the 
shape of a human head. 

5. The test body of claim 4 wherein said housing 
comprises a base plate, and said shell de?nes a plurality 
of cylindrically shaped recesses extending from said 
base plate, and a plurality of cross sectional arrays capti 
vated by said recesses. 

6. The test body of claim 5 wherein the tomographic 
scanning apparatus has an axis about which an X-ray 
source and detector are rotated, and'said means for 
positioning said energy absorbing means positions said 
cylindrically shaped housing wall members concentri 
‘cally with said axis. ' - 

7. The test body of claim 1 wherein each of said test 
elements is adapted for testing the capability of the 
apparatus to differentiate between objects at different 
contrast levels. 

8. The test body of claim 7 wherein said test element 
comprises a ring shaped body. 
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9. The test body of claim 2 wherein said test element 

includes a test element body formed of an X-ray energy 
absorption material having a predetermined absorption 
characteristic and a plurality of bodies or voids posi 
tioned within said test element body having different 
absorption characteristics.“ 

10. The test body of claim 9 wherein said test element 
is adapted for testing volume contrast sensitivity of said 
apparatus. 

11. The test body of claim 10 wherein said test ele 
ment body comprises a rectangular shaped bar and said 
plurality of internally located bodies or voids are spheri 
cally shaped, extend linearly within said bar, and are of 
different diameter. 

12. The test body of claim 10 wherein said test ele 
ment is adapted to detect the ?delity of the apparatus in 
reconstructing an image of the slice. 

13. The test element of claim 12 wherein said test 
element comprises a rectangular shaped bar and said 
plurality of bodies are spherically shaped, are of sub 
stantially the same diameter, and extend linearly at an 
angle with respect to the direction of projection of an 
impinging X-ray beam. 

14. The test body of claim 9 wherein said test element 
is adapted for testing the capability of the apparatus to 
distinguish between relatively small objects of differing 
sizes and contrasts. ' 

15. The test body of claim 14 wherein the internally 
positioned bodies or voids are spherically shaped, have 
differing diameters, and have differing absorption char 
acteristics. 

16. The test body of claim 15 wherein said test ele 
ment body is generally rectangular shaped and said 
internally located plurality of bodies or voids are ar 
ranged in a rectangular array within said test element 
body. 

17. The test body of claim 1 wherein at least one of 
said test elements is adapted for testing the capability of 
the machine to distinguish between materials of differ 
ent contrasts and wherein demarcation between the 
materials is not clearly de?ned. 

18. The test body of claim 17 wherein said test ele 
ment comprises ?rst and second wedge segments of 
differing energy absorption characteristics. 

19. The test body of claim 1 wherein at least one of 
said test elements is adapted to test the accuracy of the 
apparatus in distinguishing between objects of known 
absorption characteristics. 

20. The test body of claim 19 wherein said test ele 
ment comprises a bar of generally rectangular con?gu 
ration and having a plurality of integral segments of 
differing absorption characteristics. 

21. The test body of claim 1 wherein at least one of 
said test elements is adapted for testing the resolution of 
the apparatus. 

22. The test body of claim 21 wherein said test ele 
ment comprises a test element body having pairs of 
sheets of material, said pairs including first and second 
sheets of predetermined thicknesses, and said ?rst and 
second sheets in a pair having different absorption char 
acteristics. 

23. The test body of claim 22 wherein the number of 
pairs per unit length varies in the direction of scoring. 

24. The test body of claim 21 wherein said test ele 
ment comprises a test element body of generally star 
shaped con?guration having a hub and a plurality of 
segments extending radially from said hub. 
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'26. The test body of claim 25 wherein said test ele 
25. The test body of claim 1 wherein at least one of ment comprises an elongated, cylindrically shaped wire. 

27. The test body of claim 1 including means for pro 
said test elements is adapted for testing the modulation viding a fluid bath and for receiving a sample specimen 

5 within said bath. 
transfer function of the apparatus. * * * ‘ * 
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